The extraordinary SN 1997cy associated with GRB 970514 has been observed photometrically and spectroscopically for nearly 2 yr. At the time of discovery 
Introduction
The spatial and temporal coincidence between the GRB 980425 and SN 1998bw ) raised the issue of the association of (some) GRBs with SN explosions. So far the study of the statistical correlation of SNe with BATSE and BATSE/Ulysses bursts gave contradictory results. Some authors proposed that all GRBs originate from SN Ib/c, core collapse SNe having lost most or all of the hydrogen envelope (Wang & Wheeler 1998) while only a weak correlation was found between the general list of SNe and GRBs (Kippen et al. 1998) . As an alternative it has been suggested that only a small fraction of the GRBs originate from asymmetric explosions of rare, highly energetic SNIb/c Woosley, Eastmann, & Schmidt 1999 ). In particular, Bloom et al. (1998) on the basis of a model for the radio emission of SN 1998bw have derived the characteristics that a SN must have to produce a detectable GRB (single burst, weak..). Again they indicate highly energetic Ib/c events as best candidates sources of (some) GRBs.
Obviously, it is important to study in detail all possible association of SNe and GRBs.
In this Letter we present the case of SN 1997cy, which Germany et al. (1999) proposed as another compelling association between a highly energetic SN and a GRB (GRB 970514).
SN 1997cy and GRB 970514
SN 1997cy was discovered on July 16, 1997 (Germany et al. 1997) in the compact and faint galaxy n.342 of the cluster Sersic 40/6 = Abell 3266 (z = 0.059; σ = 1211 km s −1 ; Green et al. 1990) . From the extended, unresolved [O III] and Hα lines flanking the SN spectrum, we measured the redshift of the parent galaxy, z = 0.0638, which is consistent with the galaxy being a member of the cluster. The SN emissions, in particular -4 -the narrow Hα emission which lead to the classification of SN 1997cy as a Type IIn, are red-shifted by the same amount, thus indicating that the SN is indeed associated to the galaxy. Assuming H o = 65 km s −1 Mpc −1 , Ω M = 0.3, Ω Λ = 0.7, the luminosity distance is 302 Mpc (µ = 37.40).
The epoch of the SN explosion, constrained by a prediscovery limit on March 12, is consistent with its association with the GRB 970514 whose 3.7
• error box was centered only 0.88
• away (Germany et al. 1999) . A probability calculation shows that a chance association of the SN with one of the 119 BATSE events occurred in the period between the pre-discovery and the discovery images is 0.7% (Germany et al. 1999) . After SN 1998bw, this is the most compelling case for SN/GRB association.
GRB 970514 was a single peak burst detected also above 300 keV. Placing the burst at the distance of SN 1997cy, the burst energy is 4 × 10 48 ergs, which makes GRB 970514 more energetic than GRB 980425, but orders of magnitude less than other bursts with measured redshifts (Germany et al. 1999 ).
Light Curve
Imaging of SN 1997cy has been obtained in BVRI bands with several telescopes at ESO-La Silla. A sequence of local reference stars has been measured in order to calibrate non-photometric nights. Although there is a very good agreement for the stars in common with Germany et al. (1999) , we note a difference between our SN magnitudes and the estimates by Germany et al., which is small at maximum but increases with epoch up to 0.6 mag. We verified that different technique to measure the SN magnitude, PSF-fitting in our case or the subtraction of prediscovery images (kindly provided by Brian Schmidt, private communication) as done by Germany et al., produces similar results even at late epochs.
-5 -We believe that the inconsistency is partially due to the different passbands (Germany et al. 1999) , though the modest spectral evolution of SN 1997cy should not cause a temporal dependence, and/or to incorrect flux calibration of low signal-to-noise data. In particular one might be concerned by the contamination of two nearby (about 2 arcsec) bright knots (SE and SW) inside the parent galaxy, which can be severe for imaging obtained with low scale telescope and/or bad seeing.
The light curve of SN 1997cy does not conform to the classical templates of SNII, namely Plateau and Linear, but resembles the slow evolution of the Type IIn SN 1988Z (Turatto et al. 1993) . Assuming A V = 0.00 for the galactic extinction (NED) we get for some not very stringent radio limits at 20cm (Germany et al. 1999 ).
The uvoir bolometric light curve of SN 1997cy obtained using the available BVRI photometry and the spectrophotometry is shown in Fig. 1 . By integrating the bolometric light curve we estimated that the SN has emitted about 2 × 10 50 ergs from the day of discovery to our last detection not including the GRB luminosity. We stress that by construction the uvoir determinations are lower limits of the true bolometric luminosities.
Radioactive decay vs. Interaction
The late time light curve of most SNe is powered by the radioactive decay of 56 Co to 56 Fe. If the hard radiation from the decay is completely thermalised in the ejecta, the mass of 56 Ni, the parent isotope of 56 Co, can be estimated directly from the luminosity on the Between 60 and 120 days after outburst (which is taken to be coincident with the GRB) the light curve of SN 1997cy matches the decline rate expected if the energy input was the decay of 56 Co, with an estimated initial mass of 2.3M ⊙ of 56 Ni. At 4 months the SN decline becomes slower, suggesting that another source of energy is present. This behavior reminds one of SNe whose ejecta interacts with a dense CSM, in particular the slowly evolving SN 1988Z (Turatto et al. 1993) . Again, between days 250 and 550 the light curve matches the 56 Co decay but such a bright luminosity would correspond to more than 6 M ⊙ of 56 Ni, which is clearly not acceptable. After this last epoch, the light curve suddenly drops, and so does the Hα emission until on day 655 the SN could not be detected with the ESO 3.6m
telescope. We stress that even the last points of our bolometric light curve lie above (hence are compatible with) the radioactive tail of 2.3 M ⊙ of 56 Ni, a value close to that proposed by Germany et al. (1999) . Note, however, that our observations indicate that the late drop mentioned above happens about 100 days later than estimated by Germany et al.
Besides the slow evolution the ejecta-CSM interaction has other observable signatures, in particular complex line profiles evolving with time, easily detectable in the prominent Hα line, and powerful radio and X-ray emission (Aretzaga et al. 1999) . include the HeI 5876 A emission appearing between day 100 and 150 (cfr. Fig. 3 ).
A multiwavelength study of SN 1988Z showed that the radiated energy from radio to X-rays was as high as 10 52 by Terlevich et al. (1992) in the framework of the Compact Supernova Remnants (cSNR) scenario, and by Chugai & Danziger (1994) , who invoked the presence of a rarefied component wind and a denser component in the form of clumps or equatorial wind. The cSNR model foresees that due to interaction with a dense (10 7 cm 3 ) CSM two shock waves are generated, a leading shock in the CSM and a reverse shock in the ejecta. Because of the high density of the CSM, radiative cooling becomes important and two high-density fast moving shells are formed which are ionized by the radiation from the shocks. Narrow lines are emitted from the slowly expanding unshocked CSM photoionized by the SN early UV radiation or by the radiation from the shocks; intermediate width lines come from the shock-heated CSM, while the broad lines come from either the cooling region located just behind the contact discontinuity between ejecta and CSM or from the unshocked SN -8 -ejecta, heated by the inward-propagating X-rays, coming mostly from the reverse shock.
The optical light curve, the X-ray emission, the Hα emission and the line width evolution of SN 1988Z are generally reproduced by these models but the resulting ejecta and CSM masses are model dependent.
Modelling the light curve
The similarity between SN 1997cy and SN 1988Z, in both optical light curve and spectra, suggests that we investigate an interaction model for SN 1997cy as well.
Our explorative model considers the explosion of a massive star of M = 25M ⊙ with a parameterized explosion energy E. We assume that the collision starts near the stellar radius at a distance r 1 , where the density of the CSM is ρ 1 , and adopt for the CSM a power-law density profile ρ ∝ r −n . The parameters E, ρ 1 , and n, are constrained from comparison with the observations.
As previously stated the regions shocked by the forward and reverse shock emit mostly X-rays. The density in the shocked ejecta is so high that the reverse shock is radiative and a dense cooling shell is formed (e.g., Suzuki & Nomoto 1995; Terlevich et al. 1992 ). The X-rays are absorbed by the outer layers and core of the ejecta, and re-emitted as UV-optical photons. Figure 4 shows the model light curve which best fits the observations. The model parameters are: E = 5 × 10 52 erg, ρ 1 = 4 × 10 −14 g cm −3 at r 1 = 2 × 10 14 cm (which corresponds to a mass-loss rate ofṀ = 4 × 10 −4 M ⊙ yr −1 for a wind velocity of 10 km s −1 ), and n = −1.6. The large mass-loss episode giving rise to the dense CSM is supposed to occur after the progenitor makes a loop in the HR diagram from BSG to RSG. In this model, the mass of the low-velocity CSM is ∼ 5M ⊙ , which implies that the transition from -9 -BSG to RSG took place about 10 4 yr before the SN event.
The large CSM mass and density are necessary to have large shocked masses and thus to reproduce the observed high luminosity, and so is the very large explosion energy. For models with low E and high ρ 1 , the reverse shock speed is too low to produce a sufficiently high luminosity. For example, a model with E = 10 52 erg and ρ 1 as above yields a value of L UVOIR lower than the observed luminosity by a factor of ∼ 5. For high E or low ρ 1 , the expansion of the SN ejecta is too fast for the cooling shell to absorb enough X-rays to sustain the luminosity. Thus in this model E andṀ are constrained within a factor of ∼ 3 of the reported values.
The shape of the light curve constrains the circumstellar density structure. For n = −2, the case of a circumstellar wind, L UVOIR decreases too rapidly around day 200.
To reproduce the observed decrease after day ∼ 300, the CSM density is assumed to drop abruptly at the radius the forward shock reaches at day 300, so that the collision becomes weaker afterwards. This is consistent with the simultaneous decrease in the H α luminosity mentioned in Sect.4. The observed light curve drops more sharply after day 550 than the model, which might indicate the development of clumps in the ejecta.
In the initial part, the light curve of SN 1997cy appears to follow the 56 Co decline rate. In their work Germany et al. (1999) suggested that SN 1997cy ejected ∼ 2M ⊙ of 56 Ni powering the linear part of the light curve, while interaction set in only at about day 100.
Our pure interaction model shows the same behavior as the radioactive decay model in that initial phase, but it can also explain the subsequent evolution. In this model, the decline rate of the light curve depends on the density gradients in the ejecta and in the CSM. The fact that the early decline rate is similar to that expected from 56 Co-decay is therefore just a coincidence.
-10 -
Discussion
A pure ejecta-CSM model with high explosion energy and no radioactive energy input, is therefore able to reproduce the light curve.
The spectra of SN 1997cy obtained within about 100 days from the GRB show broad emission lines which disappear at later times leaving only a blue continuum. Broad emission lines originate in the fast expanding ejecta which, in the interaction model, absorbe X-rays produced in the shocks. This is in principle not very different from the mechanism active in the case of radioactive powering, i.e. the deposition of hard radiation (γ-rays in that case).
The width of the broad lines, 13,000 km s −1 , is consistent with the outer velocity of the expanding ejecta in the interaction model (∼ 15, 000km s −1 ). high that the forbidden lines are quenched by collisional deexcitation. In the former case, the spectrum must be predominantly powered by heating from the interaction which is consistent with the fact that our interaction model seems capable of fitting the observed light curve without any recourse to radioactive heating.
High densities in the ejecta of SN 1997cy appears on the other hand an almost inevitable conclusion: with a characteristic velocity not much higher than that of SNe Ia nebulae, the interaction model for SN 1997cy predicts an ejecta mass of 10-20 M ⊙ , i.e. a factor of ∼ 10 larger. The epoch of the observed SN 1997cy spectra is also much earlier than -11 -it is for SNe Ia in their nebular epoch (100 vs. 300 days), thus adding another factor of ∼ 3 3 to the density. Thus we can expect the typical density in the SN 1997cy ejecta to be ∼ 300 times that of SNe Ia at 300 days. This implies densities of more than 10 8 cm −3 . Electron densities of course depend also on the degree of ionization, but they can be expected to be at least 10 7 cm −3 , which is very high for a nebula, and actually well above the critical A −1 with respect to it and the last multiplied by a factor 3. 
